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Abstract
In our daily life, we are surrounded by harmful pollutants, including heavy metals that are not visible in the macroscopic view easily.
Heavy metals can disrupt different aspects of human health, such as the immune system which has gained a lot of attention in recent
decades. This had led to its rapid progression and new insights into its alterations in different diseases especially cancer. Heavy metals
are non-biodegradable materials that exist in different parts of the food cycle, such as fruits and vegetables as commonly consumed
foods and also unexpected sources such as street dust, that exists in the streets that we pass every day, soil, air, and water. These heavy
metals can enter the human body through respiratory, cutaneous, and gastrointestinal pathways and then accumulate in different organs,
leading to their encountering with various parts of the body. These sources and natural characteristics of heavy metals facilitate their
interaction with the immune system. In this review, we investigated the effect of lead and cadmium, as pollutants that exist in many
different parts of the human environment, on the immune system which is known to have a key role in the pathophysiology of cancer.
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Introduction
Environmental pollution of soil, water, and air by heavy
metal pollutants is becoming a global problem with rapid
industrial development and modernization [1–3]. Heavy
metals are defined as naturally occurring elements that
have a high atomic weight and high density [4]. Unlike
organic contaminants, heavy metals are not biodegradable
[5, 6]. Most of the heavy metals are toxic and dangerous
because they can enter the human body through the uptake
of food, water, air, and skin contact and easily accumulate
in body organs and living organisms [7–11]. The presence
of some heavy metals such as Iron (Fe), Zinc (Zn), and
Selenium (Se) in the diet is essential since they are known
to have a protective role against many diseases [12, 13].
However, some heavy metals that are non-essential such as
Cadmium (Cd), Lead (Pb), Arsenic (As), and Nickel (Ni)
may have negative impacts on human health, including
susceptibility to infection and increased risk of autoim-
mune diseases and various cancers, even in minor quantity
[14–18]. Lead and cadmium are two toxic, non-essential
heavy metals that are soft, malleable, and bluish-gray and
bluish-white respectively [19, 20].
Lead and cadmium have various uses; for example, lead
is used in gasoline, paints, pesticides, batteries and plumb-
ing fixtures [20, 21] and cadmium is used in zinc or lead
smelting, steel galvanizing, manufacturing television
screens, paint pigments, batteries, lasers, phosphate fertil-
izers, and the aircraft industry [9, 10]. Lead accumulation
in various organs induces adverse effects that may lead to
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anemia, nervous system disorders, kidney and liver dam-
age, auditory impairment, gastrointestinal damage, de-
creased IQ and behavioral and learning disorders in chil-
dren, Alzheimer’s disease, cancer and progression of can-
cers such as breast cancer [11, 22–26]. Similarly, cadmium
can damage various organs such as the lungs, liver, and
kidneys and can cause liver, prostate, breast, lung, kidney,
skin, and pancreatic cancer [9, 17, 27–31]. According to
the International Agency for Cancer Research (IACR),
cadmium and its compounds have been classified as group
1 carcinogens, while lead and its compounds have been
classified as ‘probably’ human carcinogens (group 2A)
[32]. In addition, lead and cadmium have adverse effects
on the immune system [33, 34]. They upregulate expres-
sion of some inflammatory mediators and markers and
modify the immune responses, lymphocyte function, cyto-
kine and immunoglobulin production [11, 33–39] (Fig. 1).
The half-life of cadmium is estimated to be 12 to 30 years
[40]. Cadmium exposure causes alterations in the number,
maturation, and function of T-cells through complex ef-
fects on innate cells, such as macrophages, natural killer
(NK) cells, splenic cells, and thymus cells [41]. Acute ex-
posure to cadmium affects the immune system and cell
structures via enhancing reactive oxygen species (ROS)
generation, which in turn induces oxidative stress
[42–44]. By induction of oxidative stress and downregula-
tion of T cell-specific cytokines, cadmium can cause T cell
apoptosis [45]. Lead also can induce oxidative stress via
upregulation of ROS and is capable of altering the T cell
half-life and function [45, 46]. The present review aims to
summarize the studies investigating the environmental pol-
lution of lead and cadmium and their effects on the im-
mune system and cancer progression.
Environmental pollution caused by lead and cadmium
Heavy metals first pollute the environment and then enter the
human body via the gastrointestinal tract and airways [8]. We
are surrounded by a large spectrum of heavy metal sources.
Heavy metals may be found in unexpected sources such as
street dust. A study in China showed the high level of heavy
metals such as cadmium in street dust, which is primarily
derived from anthropogenic sources, especially industrial ac-
tivities, and also lead which is derived from the traffic emis-
sion. Heavy metals, especially cadmium, had a moderate to
very high potential ecological risk. According to this study,
young children were under threat of non-carcinogenic and
carcinogenic risk due to their low toxic tolerance [47].
Another study showed that anthropogenic sources are the ma-
jor origins of lead and cadmium; however, the results of this
study indicated that cadmium does not have a local anthropo-
genic source [48]. Street dust was found to be greatly enriched
in lead, the only element posing a possible risk to human
health by exposure to street dust and surface soil [49].
Epidemiologic studies imply the relationship between eco-
nomic changes and aerial level of heavy metals. In this regard,
a study in China that evaluated the atmospheric heavy metals
pollution during a century confirmed this idea [50]. The re-
sults obtained from a study on the elements of lead and cad-
mium in PM2.5 of Xi’an, Northwestern China in summer and
winter indicated the high concentrations of elements of lead
and cadmium exceeded AAQS (Ambient Air Quality
Standard) in China. Additionally, they found that mass con-
centrations of the elements of lead and cadmium in winter
were much higher than those in summer. The increase of ele-
ments such as lead can be due to extra coal and biomass
burning in winter for domestic heating. It should be noted that
Fig. 1 Pathway of heavy metals sources and exposure to humans, and their effects on the immune system
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in similar situations, children are prone to more exposure than
adults [51]. In another study, Qari et al. evaluated the air qual-
ity in Albania. They found that heavy metals including lead
and cadmium, disrupt the ecological system and this disrup-
tion increases in areas with high metal content [52].
The rapid increase in water pollution is mainly due to the
growth of the human population, the generation of hazardous
waste, and the release of untreated wastewater from various
industries and domestic purposes. The presence of heavy
metals in the wastewater is a serious threat to human health,
as well as to animals and plants, making it a global health
dilemma in recent years [53–56]. The provisional maximum
tolerable daily intake (PMTDI) of lead and cadmium is 0.015
and 0.003 ppm, respectively, as proposed by theWHO (World
Health Organization) [57, 58]. The results obtained from one
study indicated that the concentration of lead and cadmium in
the wastewater and tube well water irrigated food crops in
some cities of Pakistan were higher than permissible limits.
Also, the concentration of these two metals in samples of soil
and food crops irrigated with wastewater were higher than
samples irrigated with tube well water [59].
Heavy metals also may affect human health by entering the
human food chain. For example, studies have shown that milk
and dairy products as a major source of nutrition, especially in
young children, human milk as the best source of nutrition for
infants, vegetables, fruits, fish, canned products, especially
canned fish, chicken eggs, candies, cocoa powder, and choc-
olate contain varying amounts of heavy metals [14, 60–64].
Contamination of soil with heavy metals may be the result
of bedrock mineralization, precipitation, dust settlement, or
human activities [65]. The soil is the main source of cadmium
in vegetables and cereals [66]. In a study examining soil qual-
ity in a particular area in China, lead and cadmiumwere two of
the heavy metals found in the sampled soil. The mean con-
centration of all heavy metal elements did not exceed China’s
national secondary standards. Among heavy metals, cadmium
was more concentrated than the others. In addition, cadmium,
along with Hg (mercury) was the most hazardous heavy metal
pollutant in the study area [65]. The results obtained from
another study indicated that there is a positive correlation be-
tween backyard soil lead levels and lead concentrations in
chicken eggs [62].
Plants are contaminated by heavy metals through different
routes. First of all, these metals can be absorbed via contam-
inated soil. Secondly, plants’ exposure to contaminated air
leads to deposition of heavy metals on the plants. Plants also
can be contaminated after irrigation with heavy metal polluted
water [67]. Environmental pollutants can enter into the food
cycle, including vegetables leading to our exposure to heavy
metals such as cadmium and lead. The result obtained from
one study showed that cadmium is one of the main trace metal
elements causing greenhouse vegetable production (GVP) soil
pollution. Based on this study, more than half of cadmium and
lead were related to non-residual fractions. The pollution of
heavy metals such as cadmium has resulted in an increase of
their concentrations in mobile fractions [68]. In a study de-
signed to determine the level of heavy metals in edible vege-
tables, sweet basil and garden cress had the highest level of
lead and cadmium, respectively. The results of this study
showed that the high amount of heavymetals in the vegetables
is hazardous to human health when taken on a daily basis [67].
Rice, one of the main fundamental food for humanity, is an
important cereal that can be contaminated with heavy metals
[69]. Cadmium accumulates in rice easier than other cereal
crops [70]. The level of some heavy metals such as lead and
cadmium in different types of rice (domestic cultivated and
imported) was investigated by researchers. In this study, the
mean values for lead and cadmium were considerably higher
than the permissible limits set by FAO (Food and Agriculture
Organization) /WHO. Additionally, the estimated weekly in-
take (EWI) of lead was considerably higher than that of other
toxic metals [71].
Canned food, considered as widely consumed sources of
carbohydrates, proteins, vitamins, minerals, and trace ele-
ments can be contaminated with heavy metals [72]. In a study,
the level of lead and cadmium was analyzed in four popular
canned tuna fish in the market of Tehran, Iran. The results of
this analysis showed that lead and cadmium concentrations
were generally higher than the recommended limits for fish,
set by different health authorities. This study also suggested
that long-term consumption of canned fish in children and
pregnant women must be avoided [73]. In another study in
Irbid city, the concentration of toxic heavy metals including
lead and cadmium was examined in canned vegetable and
fruit samples of the Jordanian market. Results revealed that
the levels of these heavy metals surpassed the permissible
limits set by health organizations [72].
Other unexpected sources of heavy metals such as lead and
cadmium are candies, cocoa powder, and chocolate [63, 64].
A study carried out in Nigeria indicated that the level of heavy
metals in candies collected from different stores was above the
standard limits, constituting significant health risks [64]. Lo
Dico et al. have stated that daily consumption of cocoa pow-
der could be harmful to health, particularly in children who are
great consumers of chocolate [63].
Inadequate nutrition during infancy has both short-term
and long-term consequences on human health [74]. Maternal
milk, as the major source of nutrition in infancy, may be con-
taminated with toxic metals that can be transferred to the in-
fant through milk ingestion [75]. Importantly, the results of a
study indicated that the lead level in 94% of breast milk sam-
ples was above the suggested WHO limit for lead contamina-
tion of breast milk, which can be a potential health risk for
infants. It is also worth mentioning that the lead content in the
breast milk of mothers consuming lipsticks was significantly
higher compared to those who did not use cosmetics [76]. One
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should not overlook the fact that lead can pass through the
placenta during pregnancy, leading to fetal exposure to toxic
metals [77]. In a similar study in Lebanon, random smoke
exposure was found to be an independent predictor of cadmi-
um level in the breast milk of lactating women [78]. Other
studies have also stated that apart from occupational exposure,
food, and water, cigarette smoking is an important source of
cadmium contamination [40].
It is estimated that about 5% of ingested cadmium is
absorbed through the gastrointestinal tract. However, several
factors influence the rate of its intestinal absorption; studies
have shown that the nutritional status of zinc, iron, and calci-
um of an individual is conversely related to cadmium absorp-
tion [66].
Effects of lead and cadmium on the immune system
Lead and cadmium can damage the immune system in
humans and animals [79]. These two toxic elements affect
innate and adaptive (cellular and humoral) immune responses,
and cytokine production [35]. Cadmium induces oxidative
stress by generating ROS, through which it exerts its toxicity
[42]. Lead also can induce oxidative stress via overproduction
of ROS [38, 80]. High levels of ROS induced by environmen-
tal lead and cadmium can elicit harm to immunity and cell
structures, including lipids, proteins, and DNA due to their
reactivity with ROS [38, 42].
Heavy metals are considered to be occupational pollut-
ants. Some studies have revealed increases in interleukin
(IL)-10 and tumor necrosis factor-α (TNF-α) and de-
creases in serum IgA levels in lead-exposed workers in
comparison to non-exposed workers [81, 82]. A study by
Yucesoy et al. confirmed that chronic exposure to lead
and cadmium led to alterations in cytokine levels.
According to this study, serum IL-1β level decreased,
while IL-2 and TNF-α levels did not differ compared to
those of the control group. They also showed that
Interferon-gamma (IFN-γ) level decreased in the lead-
exposed workers while, an increase was observed in the
cadmium-exposed group [83, 84]. A study exploring the
link between cadmium and psoriasis found that the accu-
mulation of cadmium may give rise to the worsening of
psoriasis, possibly through mechanisms such as inducing
oxidative stress, changes in immune response, and upreg-
ulation of inflammation markers, including IL-6, TNF-α,
IL-8, and IL-1β [33, 85]. Results of a study in rats ex-
posed to CdCl2-polluted drinking water showed a signif-
icant elevation in TNF-α and IL-6 plasma levels, resulting
in systematic oxidative stress [86]. Similar results have
also been observed in reptiles. Intraperitoneal injection
of cadmium caused oxidative stress and damage to the
freshwater turtles, Chinemys reevesii [87].
Lead, an environmental pollutant, increases the percentage
of immune cells, such as peripheral CD4+ and CD8+ central
memory T cells. Cao et al. have recently demonstrated a pos-
itive correlation between blood lead levels and CD4+ central
memory T cells in preschool children living in e-waste
recycling areas [45]. Pathak and colleagues demonstrated a
significant cadmium-induced decline in CD4+/ CD8+ ratio
accompanied by T-cell apoptosis (CD4+> CD8+) in BALB/c
mice, which was thought to be due to higher depletion of
intracellular glutathione. As a consequence, Th1-derived cy-
tokines (IL-2 and IFN-γ) declined more than those derived
from Th-2 cells (IL-4) [37]. Also, the results obtained from
one study on lead-exposed workers indicated that despite no
alterations in the number of NK cells, CD4+ T-cells, IgG, IgM,
C3, and C4 complement levels decreased significantly com-
pared to healthy controls [88]. Several studies have reported
the relationship between e-waste heavy metal toxicity and
erythrocytes. In a cross-sectional study by Huo et al., e-
waste-exposed preschool children had higher blood and eryth-
rocyte lead levels compared to the control group. Interestingly,
elevated erythrocyte lead levels were associated with a de-
crease in expression of erythrocyte immune adhesion mole-
cules (CD44 and CD58). In addition, lead exposure stimulated
the secretion of cytokines, including IL-1β, IL-12p70, and
IFN-γ [89]. In a previous study by his colleagues, exposed
children had higher blood lead and cadmium levels. The re-
sults of this study showed that absolute counts of monocytes,
eosinophils, neutrophils, and basophils were significantly
higher in the Guiya group. However, NK cell percentages
were lower in this group compared to the reference group.
According to the authors, these findings provided evidence
on the impact of heavy metal toxicity on innate and adaptive
immunity [35].
As mentioned earlier, cadmium exposure via maternal milk
during infancy can cause both transient and continuous effects
on immune functions. In a study by Pillet et al., cadmium
exposure in the neonatal period caused a significant delay in
the early development of females but not males. Also, expo-
sure to cadmium altered the cytotoxic activity of NK cells in
adult and juvenile male rats [90]. In a recent study, Nygaard
and colleagues showed that prenatal exposure to cadmium
resulted in the reduction of T helper memory cells in cord
blood samples, increasing the host’s susceptibility to infec-
tious diseases [91]. Hanson et al. have also reported that pre-
natal cadmium exposure causes detrimental effects on the im-
mune system of mice offspring. The results of this study
showed a decrease in IL-2 and IFN-γ of both male and female
cadmium-exposed offspring, whereas IL-4 only reduced in the
female offspring. In addition, a marked decrease in the num-
ber of splenic CD8+CD223+ cells was seen in both sexes.
These findings, according to the authors, were suggestive of
increased susceptibility of the offspring to tumor growth and
infections [92].
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Effects of lead and cadmium on cancer immunology
and progression
Several studies have demonstrated that exposure to lead can
affect the production of T and B lymphocytes and NK cells
performing the crucial anti-cancer role [84]. Lead triggers ox-
idative stress and increases the sensitivity of genes to oxida-
tive stress leading to higher estrogen levels as an important
risk factor of breast cancer. Elevated levels of estrogen can
damage normal tissue via different pathways. For example,
many cellular populations of our body, including immune
cells are provoked by estrogen via estrogen receptors.
Kasten –Jolly et al. have suggested that the higher lead-
induced ROS in females might be the result of higher estrogen
levels in the respective sex [80].
Regarding lead carcinogenesis, a study investigating the
association between urinary lead and cancer mortality showed
that urinary lead levels were predictive of cancer-related death
[93]. In contrast, a previous case-control study found no evi-
dence of an association between urinary lead concentrations
and breast cancer risk [94]. Also, cadmium may induce some
other malignancies such as pancreatic cancer. Different studies
in different levels including human, animal and cell culture
imply a connection between cadmium and pancreatic cancer
induced by damage to epigenetic part of cells, as a pathway
cooperating with cellular nucleic acids. Also, cadmium ame-
liorates the survival of healthy cells and induces oxidative
stress during induction of pancreatic cancer [30, 95, 96].
Another cancer that is thought to be induced by cadmium is
renal cancer. Cadmium can lead to a large spectrum of pathol-
ogies in renal tissue from renal dysfunction to renal cancer.
One of the worst aspects about the relation between cadmium
and kidney is its accumulation in renal tissue through binding
to metallothionein leading to accumulation without deletion.
This accumulated cadmium can induce the development of
cancer through some mechanisms such as the suppression of
genes that suppress tumors and inhibiting some mechanisms
that correct DNA repairs derived from mutations [97, 98].
Besides, cadmium induces melanoma, a kind of skin cancer,
via stimulation of cell growth and suppression of apoptotic
pathways in tumor cells [31]. A recent meta-analysis showed
that cadmium concentration has a positive association with
breast cancer risk [99]. Results of another study showed that
heavy metals including lead and cadmium accumulate in the
breast cancer tissue. A positive correlation was found between
DNA methylation level and heavy metal concentration in the
neoplastic tissue. Also, increasing levels of heavy metals was
associated with an increase in HER2/neu, p53, Ki-67, MGMT
expression and a decrease in ER and PR expression.
Conclusively, heavy metals stimulated breast cancer progres-
sion while suppressing the response to therapy [25]. Grioni
et al. have also reported a significant association between di-
etary cadmium intake and the risk of developing breast cancer,
regardless of ER, PR, and HER2 status [66]. Likewise, a meta-
analysis conducted by Cho et al. demonstrated a positive as-
sociation between dietary cadmium intake and hormone-
related cancers, including breast, prostate, and endometrial
tumors in Western countries [100]. Consistent with the previ-
ous findings, White et al. recently demonstrated a higher risk
of postmenopausal breast cancer in women exposed to in-
creasing levels of lead and cadmium [101]. Other studies,
however, have reported conflicting results. Wu et al., Maele-
Fabry et al., and Adams et al. found no significant association
between dietary cadmium intake/urinary cadmium and breast
cancer risk [102–104].
The underlying mechanisms of cancer promotion due to
heavy metal exposure have not been clearly defined yet.
Some of the most recent studies have suggested that cadmium
can mimic steroid hormones such as androgen and estrogen
supporting its possible role in the development of hormone-
related cancers [105–108]. Other potential mechanisms in-
clude enhancement of cell proliferation, immune dysregula-
tion, induction of oxidative stress, inhibition of DNA damage
repair, and inhibition of apoptosis [93, 109, 110]. In a study by
Ju et al., cadmium stimulated the gene expression of stem-cell
markers (CD44, CD24, CD133, and ALDH1) in the breast
and liver cancer lineage and promoted the generation of can-
cer stem cells (CSCs) [17].
Conclusion
Since lead and cadmium are non-biodegradable toxicants,
improper disposal of such heavy metals is a growing
concern. The major sources of contamination with heavy
metals are air, water, soil, food, and smoke. Many stud-
ies have investigated the impact of heavy metal pollut-
ants on human health. These toxic elements are known to
disrupt various systems of the body, including respirato-
ry, neurologic, digestive, cardiovascular, urinary, and
most importantly the immune system. Recent studies
have demonstrated that cadmium and lead may have a
carcinogenic and estrogenic function, inducing alterations
in the immune cells and inflammatory markers. Some
studies have found a significant association between
cadmium/lead levels and various cancers; however, no
conclusive results could be extracted since other studies
have not found any relationship. Further large-scale epi-
demiologic and experimental studies are warranted to
provide insight on heavy metal toxicity in human.
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